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Abstract 

Background: Methamphetamine (METH) use, especially in females, has become a growing public health concern in 
China. In this study, we aimed to characterize the factors that contributed to drug craving in female METH users 
under isolated compulsory detoxification. We characterized factors contributing to craving such as duration of 
detoxification, history of drug use and self-reported mood state. 

Methods: Subjects (N=1 13) undergoing a 1- to 3-year METH detoxification program were recruited from the 
Zhejiang Compulsory Detoxification Center for Women. The Questionnaire of METH-use Urge (QMU) was used to 
evaluate the level of craving for METH. The Abbreviate Profile of Mood States (A-POMS) was applied as an 
assessment for the negative mood disturbances. 

Results: The participants were at a mean age of 25.2, primarily lowly educated and unemployed, and single. 
Smoking was the only route of METH administration at an average dose of 0.5 g/day, and 4 times/week. The 
reported craving level was positively correlated with the negative mood disturbances and the weekly dose of 
METH, but independent of the duration of detoxification. Furthermore, all five aspects of negative mood 
disturbances, including fatigue, bewilderment, anxiety, depression and hostility, were shown to positively correlate 
to the self-reported craving level after controlling for weekly dose of METH. 

Conclusions: The data demonstrate a robust correlation between mood distress and craving for METH. Our results 
call for close evaluation of mood distress in treatment of METH users in China. 

Keywords: Methamphetamine, Addiction, Craving, Mood distress, Detoxification 



Background 

Amphetamine- type stimulant (ATS) use is rapidly increa- 
sing worldwide. It is estimated that 3.4-20.7 million 
people have used ATS in East and South-East Asia, which 
is approximately 1.4% of the population aged 15-64 years 
[1]. The number of methamphetamine (METH) users has 
increased dramatically in China in recent years [2]. In 
2001, there were approximately 160,000 registered ATS 
users a , which consisted of 17.3% of the total registered 
illicit drug addicts in China [3]. However, by the end of 
2010, the number of registered ATS users had increased 
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to approximately 430,000, which consisted of 31.0% of all 
registered drug users [4]. 

The evidences have shown that the females can some- 
times have worse outcomes than the males in relation to 
METH use. For example, one study has suggested that 
women are more likely to become dependent on METH 
than men [5]. Similar vulnerability to METH has been 
implicated in several species of rodents. For instance, 
female Wistar rats are more vulnerable to the acquisi- 
tion of METH self-administration [6]. Meanwhile, 
female C57BL/6J mice exhibit a more potent METH- 
induced conditioned place preference than the male 
mice, and these gender differences may be facilitated by 
estradiol [7]. A number of studies have also shown that 
female METH users exhibit more severe psychiatric 
symptoms [8-11]. Researchers in Taiwan have found that 
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43.4% of female METH users suffer from psychiatric 
problems, 35.9% demonstrate suicidal behavior, and 
11.0% are diagnosed with mood disorders [8]. In con- 
trast, only about 31.1% men have psychiatric problems, 
and 5.6% and 8.9% of them are diagnosed with suicidal 
behavior and mood disorders, respectively [8]. Similarly, 
one study in San Diego have shown the high prevalence 
of depressive symptoms among female METH users, 
with severe depressive symptoms observed in 60% of 
them [9] A study focused on adolescents has also found 
the more symptoms in female METH users by Symptom 
Checklist-90R, with enhanced Cortisol secretion follow- 
ing a social stressor [12]. Taken together, probably vul- 
nerability to METH use in women suggests the necessity 
for a focus on the female METH users, with attention to 
the mood states. 

In China, drug addicts with confirmed relapses are 
required to receive isolated compulsory detoxification 
for 1-3 years [13], where the confirmed relapse means 
registered drug users being caught abusing drugs repea- 
tedly more than twice. In Zhejiang province, approxi- 
mately 8.0% of registered drug users were considered as 
relapsed users, and were enrolled in the detoxification 
program. During the program, participants were isolated 
from the communities for at least one year, and evalu- 
ated by behavioral improvement. Usually, they receive 
physical training for the first three months. And in the 
following months, they get paid work in the working 
days, and receive education on the weekends regarding 
drug control law, virtue, and occupational skills. Indivi- 
duals with severe depressive symptoms or stress are able 
to receive personal psychological counseling. However, 
not any forms of cognitive behavioral therapies have yet 
been introduced into the system. The effect of such 
compulsory treatment has not been fully evaluated 
among METH users. 

Drug craving is a critical component of addiction, and 
serves to elicit relapse in psychostimulant users [14,15]. 
Current data show that craving for METH decreases 
within two months after abstinence [16]. However, the 
longer-term effect of abstinence on craving for METH 
has not been studied. The high rate of relapse suggests 
that craving might persist or reemerge after a long 
period of abstinence. Moreover, mood distress is known 
to increase the craving for nicotine [17-21], alcohol 
[22,23] and heroin [24] in drug abstinence subjects. 
However, it is not known whether mood distress also 
increases the craving for METH. 

The purpose of the present study was to determine the 
factors that contributed to METH craving in the women 
under isolated compulsory detoxification, who might be 
expected to have more salient mood problems than their 
male partners. We focused on the time-dependent effect 
of the detoxification program and self-reported mood 



states in female METH users We hypothesized that cra- 
ving might recur after a longer period of detoxification, 
and it might be affected by negative moods states. 

Methods 

Participants 

The investigation protocols have been approved by the 
Institutional Review Board of the Ningbo Addiction 
Research and Treatment Center according to the Decla- 
ration of Helsinki (No. 2010-01). Female METH users, 
who only or primarily used METH in the last year prior 
to enroll, were recruited from the Compulsory Detoxifi- 
cation Center for Women in Zhejiang Province. During 
the detoxification program, subjects were isolated from 
the community, and spot checks of the urine tests were 
done every three months to ensure the abstinence. No 
positive urine test for any of the illicit drugs (e.g. mor- 
phine, amphetamine or cocaine) was found in the center 
during the past two years before our investigation. 

Criteria of inclusion were meeting the diagnosis of 
METH abuse or dependence by DSM-IV, while subjects 
with diagnosis of abuse or dependence of other substances 
were excluded. The diagnosis of METH dependence or 
abuse was made upon self-reports of METH use during 
the last month when participants had free access to the 
drug. Voluntary participation was required and subjects 
received stationery gifts, upon request, for participating. 
Personal information collected from participants was kept 
confidential, and the personal data collected were used 
only for this study. The interviews were undertaken under 
a separated room, and the officers of the detoxification 
center were not allowed to stand by or listen to the inter- 
views. Participants gave written informed consent after a 
full explanation of the study had been provided, and each 
subject completed the survey under the direction of the 
trained researchers. This investigation was conducted in 
Mandarin, and took approximately 30 minutes for each 
participant to complete. 

Questionnaires 

A battery of questionnaires was designed and discussed 
by the researchers. One month before the investigation, 
researchers discussed the questionnaires item-by-item to 
exclude any ambiguity that might be introduced in the 
investigation. Investigators were also taught to express 
with more understandable oral language which the drug 
users commonly used. For most of the items, choices 
were provided to facilitate the investigation, expected for 
the questions that needed numerical answers. Subjects 
were allowed to choose multiple-choices answers or to 
provide their own answers. 

Demographic variables included age, ethnicity, educa- 
tion level, occupation, marital status and children. Char- 
acteristics of METH use included the onset age of 
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METH use, total duration of METH use (years), fre- 
quency (times/week), dose (gram/day), route of adminis- 
tration, environment of METH use in the 12 months 
prior to incarceration, and the duration of present 
detoxification. 

The Questionnaire of METH-use Urge (QMU) was 
modified from the Questionnaire of Smoking Urge-brief 
[25] by replacing the word "smoking" with "using METH". 
The Chinese version of Questionnaire of Smoking Urge- 
brief had been used in a previous study on nicotine cra- 
ving [26]. The QMU contains 10 items. Participants were 
asked to indicate how strongly they currently agreed or 
disagreed with each item using a Likert scale from 1 
(strongly disagree) to 7 (strongly agree). The participant 
responses were classified by two factors. Factor 1 
addresses the "intention/desire to use METH" (items 1 
and 6), and factor 2 (items 4, 8, and 9) addresses the "an- 
ticipation of relief of negative effect/urgent desire to use 
METH". It is moderately to highly correlated with the Vis- 
ual Analog Scale for METH Craving (VASC) (coefficient 
for QMU factor 1 and VASC: 0.78; for factor 2 and VASC: 
0.69, for total scores and VASC: 0.77). 

The Abbreviate Profile of Mood States (A-POMS) [27] 
used in this study is a revision of an earlier version of the 
Profile of Mood States, and has been modified and trans- 
lated into Chinese [28]. It contains 40 items rated on a 5- 
point scale from 0 (not at all) to 4 (extremely). Subscales 
include 5 negative mood factors (tension-anxiety, depres- 
sion, anger-hostility, fatigue, and confusion-bewilderment) 
and 2 positive mood factors (vigor-activity and self-esteem). 
Total mood disturbance (TMD) was calculated as the sum 
of negative mood factors minus the positive mood factors, 
vigor and self-esteem. Higher scores of negative moods in- 
dicate a greater degree of mood disturbance. These data are 
based on mood states experienced and reported 'during the 
past week, including today. The POMS is a well-developed, 
highly reliable method to assess mood disturbance [29]. It 
is moderately to highly correlated with other scales, includ- 
ing the Visual Analog Mood Scales, the State-Trait Anxiety 
Inventory, and the Beck Depression Inventory, with coeffi- 
cients ranging from 0.72 to 0.79 [30]. 



Data analyses 

The data were tested for normality using the Shapiro- 
Wilk method and had a skewed distribution. Therefore, 
the data were analyzed by two-tailed Mann-Whitney U- 
test and Kruskal-Wallis H test. Categorical variables 
were analyzed by two-tailed chi-square or Fishers exact 
test. A Spearman correlation was used to determine the 
relationship between craving, mood, characteristics of 
drug use, and participant demographics. A Spearman 
partial correlation was used to investigate the independ- 
ent factors related to METH craving. The data were 



analyzed using SPSS for Windows (version 16.0, SPSS, 
Chicago, IL, USA), and significance was set at p < 0.05. 



Results 

General information 

A total of 113 females were included in this study. Par- 
ticipant demographics and characteristics of METH use 
are reported in Table 1. Every participant self- 
administered METH via smoking. Self-report of multiple 
substances of abuse were present in 40.7% (45/112) of 
subjects. Other types of ATSs, such as Magu, a 
methamphetamine-caffeine mixture, were used by 38.9% 
of the participants, and Ecstasy was used by 12.4%. The 
top three frequently used non-ATSs were ketamine 
(28.6%), cannabis (15.2%), and heroin (8.9%). 

Based on the criteria of DSM-IV, 101 participants met 
the diagnosis of METH dependence, and 12 were METH 
abusers. Subjects with METH dependence had longer 
durations (z = 2.312, p < 0.05), more frequent use patterns 
(z=3.742, p <0.001), and larger daily doses (z = 2.730, p 
<0.01) of METH use, and higher scores of QMU factor 2 
(z = 1.976, p < 0.05). No significant differences of QMU 
factor 1 (z= 1.848 p=0.065), QMU total scores (z= 1.541, 

Table 1 Participant Demographics and Characteristics of 
Meth Use (N=113) 



Demographic factors 



Mean ± SD/Number 
(percentage) 



Age (years) 
Education Illiterate 

Primary school 

Middle school 

High school /tech school 

College 
Occupation Unemployed 

Employed 

Self-employed 
Marital status Not married 

Married 

Divorced 
Children None 

One 

More than one 
Characteristics of METH use 

Age beginning meth usage 

Years of meth use 

Dose (g/day) 

Frequency (times/week) 

Duration of detoxification (months) 



25.2 ± 6.9 
3 (2.7%) 
34 (30.1%) 
60 (53.1%) 
14 (12.4%) 
2 (1.8%) 
58 (55.2%) 
28 (26.7%) 

19 (18.1%) 

90 (80.4%) 
11 (9.8%) 

1 1 (9.8%) 

91 (81.3%) 

20 (17.9%) 
1 



22.7 ± 6.7 
2.0 ± 1 .4 
0.6 ± 0.6 
4.8 ± 4.1 
8.7 ± 4.8 
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^=0.123), and negative mood states (TMD) (z= 1.537, 
p=0.124) were found between the two groups. 

As shown in Figure 1, the craving level for METH and 
the TMD in 3-month intervals according to the duration 
that each individual had been enrolled in the program. 
After combining the neighboring groups with comparable 
craving levels, Kruskal Wallis tests were performed in sub- 
jects at detoxification durations of 1-3 months, 4-9 
months, 10-15 months, and more than 15 months. It was 
found that the QMU total scores were higher in subjects 
who were abstinent for 4-9 months and 10-15 months 
(Chi-square =9.26, p <0.05). However, no significant differ- 
ence was observed in the QMU factor 1, 2 and TMD. 

Mood distress and former drug use independently affect 
craving level 

Factors related to the increased craving were screened 
by Spearman coefficient analysis. As shown in Figure 2, 
significant correlations were found between QMU fac- 
tors and negative mood states, as well as the weekly 
METH dose. Other characteristics of the participants, 
such as age, education level, marital status, work experi- 
ence, the age of first METH use, and the duration of 
METH use were not significantly correlated with the 
current craving level. TMD can be decomposed into five 
negative mood ingredients including fatigue, bewilder- 
ment, anxiety, depression and hostility, minus two posi- 
tive mood factors of vigor- activity and self-esteem. 



Statistical analysis showed that all the five negative mood 
factors, but not the two positive mood factors, were 
closely related to the QMU score (Table 2). 

Partial correlation analysis (Table 3) was used to deter- 
mine the independent factors that related to the 
increased QMU scores. After controlling for overall 
mood distress, the weekly dose of METH use was sig- 
nificantly related to the total score of QMU and QMU 
factor 2, but not QMU factor 1. TMD had a significant 
correlation with QMU scores after controlling for weekly 
dose, duration of METH dose, or duration of detoxifica- 
tion. Moreover, each of the five negative mood factors 
including fatigue, bewilderment, anxiety, depression and 
hostility, were related to all QMU scores (total score of 
QMU, QMU factor 1 and 2) after controlling for weekly 
dose of meth. 

Discussion 

The primary finding of present study was that the crav- 
ing ratings increased, but the ratings of total mood dis- 
turbance did not change following the abstinence in the 
female METH users. The data demonstrated the impact 
of mood distress on craving level in female METH users. 
All of the five ingredients of negative moods, including 
hostility, depression, anxiety, bewilderment, and fatigue, 
showed an positive relationship to increased craving 
level. The weekly dose of METH use was the only one 
among historical factors that related to METH craving, 



1-3 

(N=16) 



QMU Factor! 




4-6 7-9 10-12 13-15 16-18 

(N=21) (N=29) (N=23) (N=15) (N=8) 

months of abstinence 



QMU total score 




1-3 4-6 7-9 10-12 13-15 16-18 

(N=16) (N=21) (N=29) (N=23) (N=15) (N=8) 

months of abstinence 



B 



QMUFactor2 




D 



1-3 4-6 7-9 10-12 13-15 16-18 

(N=16) (N=21) (N=29) (N=23) (N=15) (N=8) 

months of abstinence 



TMD 




1-3 4-6 7-9 10-12 13-15 16-1 

(N=16) (N=21) (N=29) (N=23) (N=15) (N=l 

months of abstinence 



Figure 1 The distribution of QMU scores and negative mood states in the participants following the different durations of abstinence. 

QMU, Questionnaire of METH-use Urge. Factor 1 addresses "intention/desire to use meth" and factor 2 addresses "anticipation of relief of negative 
effect/urgent desire to use meth". TMD: Total Mood Disturbance. *: QMU total scores were higher in subjects who were abstinent for 4-9 months 
and 10-15 months, compared to those are abstinent for 1-3 months (Kruskal Wallis tests, p<0.05). 
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Figure 2 Craving levels were positively correlated to total mood disturbance (left) and the weekly dose of former METH use (right). 

POMS, Profile of Mood State. TMD, Total Mood Disturbance. QMU, Questionnaire of METH-use Urge. 



and the effect of higher-dose METH use history on crav- 
ing was primarily independent of the present negative 
mood states. 

The present data were consistent with the previous 
studies that mood distress increases the craving for nico- 
tine [17-21], alcohol [22,23] and heroin [24] in drug ab- 
stinence subjects. METH abusers who also have mood 
problems are more vulnerable to psychiatric diseases. For 
example, it has been shown that relapse of METH psych- 
osis can be evoked by stress [31,32]. In addition, major 
depression and suicidal ideation is commonly observed in 
patients seeking treatment, especially in females [11]. 
Proper psychosocial therapy can not only lower the de- 
gree of craving and drug use [33,34], but also help to pre- 
vent relapse and exacerbation of psychiatric diseases 
[35,36]. The ultimate goal of compulsory detoxification is 
to prevent relapse among METH users who will be 
released in 1-3 years. Our results suggest that negative 
mood distress should be carefully evaluated during the 
mandatory treatment. Therefore, providing the suitable 
treatment for the mood disorders should be a key compo- 
nent of the compulsory detoxification program. 

Although some literature suggests that craving for 
METH may greatly decreases within the first two 
months of abstinence [16], our study implicated a per- 
sistence of desire to use the drug, which might be easily 



promoted by mood disturbance. A progressive elevation 
of cue-induced craving over an extended period of ab- 
stinence was first suggested in 1986 in cocaine users 
[37]. This phenomenon was lately named as incubation 
of drug craving, and repeatedly confirmed in rodents 
with different substances of abuse [38]. In fact, the 
present data showed the more craving in the female 
METH users who exposed to the higher doses of METH. 
Therefore, acquiring a full history of METH use for each 
individual would be necessary to anticipate the increased 
METH craving for women enrolled in treatment. 

Biological basis of the long lasting craving has been 
indicated in many studies. For instance, imaging studies 
have shown reduced dopamine transporter density and 
reduced dopamine D2 receptors in the stratum [39,40], 
and reduced glutamate in prefrontal gray matter [41] in 
abstinent psychostimulant users and non-human pri- 
mate. These persistent corticolimblic dysregulation can 
cause increased baseline levels of stress [42] and deficits 
in inhibitory control [43]. And drug-seeking behavior 
recurs once drug cue or stressful environment is pre- 
sented. Meanwhile, the long- term craving has been sug- 
gested as a result of the formation of GluA2-lacking 
AMPARs in the nucleus accumbens [38]. The incubation 
of craving has also been linked with the increased neur- 
onal activity in the ventral medial prefrontal cortex, 



Table 2 The Spearman correlation coefficients between ratings of POMS and scores of Questionnaires of METH-use 
Urge (QMU) 



Spearman coefficients 


A-POMS 


QMU factor 1 


QMU factor 2 


QMU total score 


Fatigue 


0.275** 


0.330** 


0.341*** 


Confusion-bewilderment 


0.236* 


0.332** 


0.342*** 


Tension-anxiety 


0.291** 


0.382*** 


0.346*** 


Depression 


0.263** 


0.444*** 


0.391*** 


Anger-hostility 


0.277** 


0.402*** 


0.404*** 


Vigor-activity 


-0.028 


-0.065 


-0.050 


Self-esteem 


-0.046 


-0.033 


-0.025 


Total mood disturbance (TMD) 


0.355*** 


0.503*** 


0.479*** 



*p< 0.05, **p< 0.01, ***p< 0.001. 
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nucleus accumbens core, and central amygdale [38]. 
Taken together, the persistent craving may result from 
the neural deficits caused by the drugs, as well as neural 
adaption to the drugs. The detailed mechanisms need to 
be clarified in further studies. 

Environmental context of incarceration may also con- 
tribute to the elevated craving. Studies have shown that 
rodents exhibit enhanced incubation of craving when 
put in an isolated environment [44] or with the no ac- 
cess of exercise [45]. Similarly, mandatory treatment 
with subjects isolated from the community may confront 
the same problem as the experimental animals. Thus, 
the efficacy of the treatment might be weakened when 
subjects lived in the relatively close environment. Al- 
though the total ratings of mood distress of female 
METH users did not change following the abstinence in 
the isolated detoxification Center, introduction of the 
more activities in a more open environment for female 
METH users is therefore suggested. 

As in all studies, this data should be carefully inter- 
preted. This is a cross-sectional study. Therefore, the 
data generated from subjects with different duration of 
compulsory detoxification program may not necessarily 
represent the time course of mood changes and cravings 
in individuals in the program. Moreover, our data cannot 
be applied to describe the time courses of cravings in 
women who are not in the compulsory detoxification 
program but remain abstinent from METH. Future lon- 
gitudinal studies are necessary to understand the course 
of chronic withdrawal symptoms for each patient as well 
as patient outcomes once they return to their communi- 
ties. Additionally, the data collected on the characteris- 
tics of drug use, mood state, and craving level are based 
on participant self-reports, but because patients were 
guaranteed confidentiality, we concluded that the data 
are reliable and valid. 
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QMU Total score 

0.261* 

0.326** 

0.320** 

0.320** 

0.376*** 

0.408*** 

0.455*** 

0.467*** 

0.477*** 

0.450*** 

0.450*** 



Conclusions 

This study is the first to demonstrate a correlation be- 
tween mood distress and craving for METH. It is also 
the first study that focuses on the isolated compulsory 
detoxification program in China. Our results call for ap- 
propriate psychosocial therapies to offer coping skills 
and to alleviate mood disorders in women with METH 
dependence in detoxification treatment. 

Endnotes 

a ' In P.R.China, individuals with records of using illicit 
drugs in the local police station are registered in the Nar- 
cotics Control Bureau of the Ministry of Public Security, 
and they are called registered drug users. After registra- 
tion, they are asked to report to the local police office 
regularly, and underwent the urine test for illicit drugs 
randomly. If the records of drug use for the individual 
were clean for three years, then the individual is consid- 
ered as recovered and is removed from the registration 
list. The list helps the government to understand the 
prevalence of drug use, as well as to treat the drug users. 
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Table 3 The Spearman Partial Correlations with Questionnaires of METH-use Urge (QMU) Scores 

Spearman partial coefficients 



Models 


QMU Factor 1 


QMU Factor 2 


1 : Dose per week controlled for TMD 


0.177 


0.236* 


2. Fatigue controlled for weekly dose 


0.260* 


0.314** 


D. v_UI II UolUI 1 LUIIUUIIcU IUI VVccMy UUofcr 


0 214* 


0 3 1 0** 


4. Tension-anxiety controlled for weekly dose 


0.268** 


0.359*** 


5. Depression controlled for weekly dose 


0.245* 


0.432*** 


6. Anger-hostility controlled for weekly dose 


0.273** 


0.405*** 


7. TMD controlled for dose of meth 


0.331** 


0.481*** 


8. TMD controlled for duration of meth use 


0.330** 


0.493*** 


9. TMD controlled for duration of detoxification 


0.353*** 


0.504*** 


10. 7+8 


0.314** 


0.477*** 


1 1 . 7+8+9 


0.314** 


0.479*** 
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